Water quantity and quality concerns in urban environments have prompted conservation groups, governmental agencies, and policy makers to develop and promote residential water conservation programs, including restrictions on residential landscape irrigation practices and incentives for the adoption of water-efficient appliances. Previous literature links household characteristics, financial incentives, and demographic characteristics to the adoption of water-efficient appliances and overall water use. However, relatively little attention has been given toward understanding how homeowners' perceptions and knowledge of smart irrigation technologies affect their preferences or stated purchase likelihood of such irrigation equipment. To address this gap in the literature, this paper identifies perception-and knowledge-related factors that are correlated with the purchase likelihood of smart irrigation controllers. The generalized logit regression model results suggest that knowledge about irrigation systems and residential landscaping are positively correlated with purchase likelihood. Similarly, homeowners' perceptions about conservation efforts, water restrictions, and their neighbors' irrigation habits all increase purchase likelihood. Combined with statistically-significant correlations of several socio-demographic variables and purchase likelihood, these results have theoretical and practical implications, which are summarized in this paper.
Introduction and Background
Sustainable water management is becoming more imperative as population growth, climate change, drought, water pollution, and economic growth have increased the demand for water [1, 2] . In 2010, U.S. households accounted for 7.6% of all national water use at an average of 88 gallons per capita per day [3] . Currently, the majority (75%) of residential water is being used for outdoor purposes, including landscape irrigation [4, 5] . The U.S. Environmental Protection Agency (EPA) estimates that U.S. households use nine billion gallons of water daily to irrigate their landscapes [6] . Irrigation is often necessary to maintain landscape aesthetics and health [2, 5] . Thus, residential irrigation efficiency is imperative when considering sustainable water management in urban areas. Well-managed residential landscapes enhance the urban environment and provide economic, environmental and lifestyle/health benefits including erosion/dust control, ground/surface water quality protection, urban heat/noise studies focus on performance factors and their water saving potential [15, 27, 29, 30] . In contrast, very few studies have addressed consumers' knowledge of smart irrigation technology and how that influences their purchasing/implementation behavior.
Since consumers' behavior directly affects household water use [14] , it is useful to understand what motivates their adoption of water-conserving technologies. Environmental concerns, financial considerations, and household demographics are the main factors influencing consumers' adoption of water-efficient technologies [14, 19, 24, 25, 32, 33] . Consumers who are more environmentally conscious are more likely to take actions to conserve water, including purchasing water-efficient products [19, 25] . In turn, reduced water usage/waste decreases consumers' water bills [14, 24] . Therefore, it is not surprising that consumers with water bills based on actual water usage are more likely to adopt water-efficient technologies [19, 25] . Estimates indicate that households adopting water-efficient appliances reduce their water usage by 26.6% [24] . Willis et al. (2013) estimate that many water-efficient appliances pay for themselves within two years [14] . Regarding the relationship between socio-demographic characteristics and water conservation technology adoption, studies found that consumers are more likely to purchase water-efficient appliances if they own their home, have a higher income, or a larger household [19, 25] . The implications of these studies are that consumers are willing to purchase items that reduce their household water usage and provide axillary benefits. However, consumers' preferences and adoption of new irrigation technologies (e.g., smart irrigation controllers) to reduce water waste in the residential landscapes is not understood.
Previous studies also identify factors and household characteristics that affect water-efficient equipment purchases [24, 32] and increase residential irrigation use [14] . These studies suggest that environmental concerns affect consumer preferences for water saving technologies [19, 25] . However, relatively little attention was paid to understand how homeowner's knowledge and perceptions affect their preferences or purchase likelihood of smart irrigation technologies. Since relevant irrigation policies are formulated by understanding homeowner's concerns on water-saving technologies, it is necessary to examine the extent to which homeowner's knowledge and perceptions are associated with the purchase likelihood of smart irrigation equipment. Thus, the main purpose of this study was to identify the factors that are correlated with the purchase likelihood of smart irrigation controllers and compare the factors across three geographical areas/states (California, Florida and Texas).
The use of individual perceptions and knowledge in our study can be linked to Ajzen's theory of planned behavior in psychology [34] [35] [36] . As Ajzen suggested, individual behavior should be reflected in attitudes, subjective norms, knowledge and perceptions, and environmentally-friendly behavior could be induced by individual beliefs on the importance of sustainable management of the environment. Applying this general theoretical framework to urban landscape management practices, our study tests hypotheses predicting households' behavioral changes with respect to knowledge and perceptions of sustainable water management. Incorporating socio-economic variables, our study uses an econometric technique for discrete choice responses of households.
Based on the findings and research gaps from the previous literature summarized above, the specific hypotheses that were tested are as follows. First, we hypothesize that consumer knowledge about their lawns and landscapes will be positively correlated with their purchase likelihood of smart irrigation controllers (Hypothesis 1). We also hypothesize that knowledge about smart irrigation controllers will be positively correlated with homeowners' purchase likelihood of smart irrigation controllers (Hypothesis 2). The third and fourth hypotheses are that perceptions on water conservation will be positively correlated with the purchase likelihood of smart irrigation controllers (Hypothesis 3) and that perceptions on smart irrigation controllers will be positively correlated with the purchase likelihood of smart irrigation controllers (Hypothesis 4). Further, we hypothesize that demographic characteristics will be associated with the purchase likelihood of smart irrigation controllers (Hypothesis 5) and that the factors that induce the purchase likelihood of smart irrigation controllers will differ across states (i.e., California, Florida and Texas) (Hypothesis 6).
Methodology

Survey and Summary Statistics
The survey was conducted by a third party contractor (Qualtrics Online Survey Software, LLC, Provo, UT, USA) in May 2014 using an online questionnaire, which covered three states: California, Florida and Texas. These three states were selected because they accounted for one-quarter of all U.S. water withdrawals and had issues related to landscape irrigation water management. Moreover, the U.S. Drought Monitor (2016) showed that California and Texas were under moderate, but exceptional drought during 2014. At that time, Florida was not under extreme drought, but had issues related to water shortages and degradation. In order to participate, respondents were screened based on the following criteria: (1) live in a home with a lawn; (2) have an automated irrigation system installed; and (3) do not use smart irrigation sensors (ET, SMS) in their irrigation system. Individuals who met the screening criteria were asked to complete the questionnaire, which took approximately 20 min. The survey was sent to 1000 randomly-selected homeowners in each state (a total of 3000 homeowners). Due to incomplete responses, a total of 2641 homeowners (~88% response rate) completed the questionnaire (873 in California, 881 in Florida and 887 in Texas). Admittedly, the sample may not correspond to the U.S. population because this study targeted individuals with automated lawn irrigation systems. However, the screening criteria were essential because individuals with lawns and irrigation systems (but not smart irrigation) were of interest in the study because the probability of them being concerned and familiar with their household's irrigation water usage was higher than those of people without lawns or irrigation systems. Therefore, the study results correspond to consumers within the core "target market" of the smart irrigation industry.
The survey consisted of three sections. The first section included questions about respondents' existing irrigation practices and general knowledge about characteristics of irrigation systems and residential landscapes. The second section represented respondents' overall knowledge and perceptions about landscape irrigation, smart irrigation systems, and the environment. Lastly, the third section included respondents' socio-economic and demographic information.
Respondents' socio-demographic variables are summarized in Table 1 . Most respondents (68.2%) were over 35 years old; 28.9% were 20-34 years old; and 2.8% were less than 20 years old. Similar characteristics were found for California and Texas. Florida's 20-34-year-old group had a slightly higher percentage at 31.8%. Most respondents (87.5%) had obtained a college degree at the time of the study. The majority of respondents were female (62.9%) and had less than one child (76.6%) with "child" defined as less than 18 years old. The 76.6% of households with less than 1 child includes both households without children and those with adult (>18 years) children. This is an important point since a fair number of participants (31.12%) are over 55 years old and may have adult children. Over one-third of the respondents (33.9%) were in the $20,000-$59,999 income category, followed by the $60,000-$99,999 and $100,000-$139,999 category. California and Florida exhibited similar income trends; however, Texas had slightly higher incomes with respondents primarily being in the $60,000-$99,999 category, followed by the $20,000-$59,999 category (Table 1) . Although different from the U.S. population, the sample socio-demographics align with the core consumer of lawn and garden purchases (i.e., older, female, married, more educated [37]). Table 2 summarizes respondents' purchase likelihood, knowledge and perceptions regarding smart irrigation technology. With an average score of 4.13 (1 = extremely unlikely; 7 = extremely likely), most respondents were "undecided" on their purchase likelihood of a smart irrigation controller in the next five years. Regarding knowledge about irrigation systems and lawns/landscapes, participants reported relatively low knowledge levels with sprinkler application rates having the lowest level, followed by soil type and then turfgrass/plant types. They were slightly more knowledgeable about turfgrass/plant water needs. Texas respondents indicated a slightly higher level of knowledge for turfgrass/plant types and their water needs. All respondents indicated very low knowledge of smart irrigation controllers with ET-based controllers having the lowest knowledge level followed by SMS-based controllers. Regarding water conservation perceptions, participants agreed with the statement "my state has insufficient water resources and I need to conserve water" the most, followed by "I feel my conservation of water affects the overall supply", "I am aware of water restrictions in my area", and "I often see my neighbors over-irrigating." Respondents were asked about their perceptions of their neighbors' irrigation habits to identify their perceptions of the neighborhood irrigation norms. Californian respondents agreed with the state, conservation and neighbors' statements slightly more than the other states, while respondents from Florida and Texas agreed with the water restrictions statement more than California respondents. When considering participants' perceptions of smart irrigation controllers, respondents indicated that smart irrigation controllers were easier to use and more reliable than conventional controllers. However, smart irrigation controllers were perceived as more expensive than conventional controllers. 
Generalized Ordered Logit Model
The ordered-response (dependent) variable represents respondents' purchase likelihood of smart irrigation controllers using a seven-point Likert scale (1 = extremely unlikely; 7 = extremely likely). Since the response variable has an ordinal nature, the ordered logit model was used to explore the influence of other factors on homeowners' purchase likelihood of smart irrigation controllers. Previously, the ordered logit model has been used to identify the influence of different variables on consumers' preference and/or purchase likelihood for different products [38] [39] [40] [41] [42] [43] [44] . Following the approach used in Suh et al. (2016) , the ordered logit model estimates the probability that homeowner i. takes on the value (Y i ) when homeowner i faces the j-th ordered-category for j = 1, · · · , M where M is the number of categories of the ordinal responses [43] . The ordered logit model is written as follows:
where P(·) is the probability, f (·) is the probability density function of the standard logistic distribution, X i is a vector of explanatory variables for homeowner i and α and β represent cut-off and slope parameters, respectively [45, 46] . The ordered logit model assumes that the slope parameters (β) do not vary over different alternatives, but the cut-off parameters α j vary over j = 1, · · · , M − 1. This is known as the proportional-odds or parallel-lines assumption, which implies that parameters do not change for different categories. That is, the correlation between independent and dependent variables does not vary over the variable categories. However, empirical applications of the ordered logit model frequently violate the parallel-lines assumption [23, 47, 48] . To relax the parallel-lines assumption, the generalized ordered logit model was developed by Williams (2006) , which is written as:
This allows the slope parameters β j to vary over each category of the dependent variable. That is, this model allows variations for the slope parameters, as well as the cut-off parameters of different categories. In the generalized ordered logit model, the probabilities are expressed as:
where F(·) indicates the cumulative density function of the standard logistic distribution. The parameters specified in this model are relevant to the likelihood of the dependent variable [23] . Positive parameters indicate that the explanatory value is likely to increase the probability that the respondents belong to the current or a higher category defined in the dependent variable. On the other hand, negative parameters indicate that the explanatory variable increases the likelihood of the respondent being in the current or a lower category.
Results and Discussion
The ordered logit model estimation results were tested for the parallel-lines assumption. Brant's (1990) Wald test was used to check the null hypothesis that all of the estimated coefficients satisfy the parallel-lines assumption, which determines whether the ordered logit model is appropriate for the data [49] . If the null hypothesis is not rejected, the ordered logit model can be used for the analysis. Alternatively, if the null hypothesis is rejected, the generalized ordered logit model is preferred to the ordered logit model [47] . Table 3 summarizes the test results for the parallel-lines assumption. For the full sample, the results show that the null is rejected at the 1% significance level, suggesting that the generalized ordered logit model should be used due to the violation of the parallel-lines assumption. The null hypothesis is rejected for the state-level sub-samples. The test rejects the parallel-lines assumption for the sample of California and Texas at the 1% significance level and 10% significance level for Florida's sample. The results indicate that the generalized ordered logit model is preferred to the ordered logit model. Thus, the generalized ordered logit model is estimated using the maximum likelihood method [45] .
The estimated coefficients of the generalized ordered logit model representing the relationships between knowledge levels, perceptions, demographic measures and purchase likelihood of smart irrigation controllers are shown in Tables 4-7 . In each table, the first six columns represent the log odds of choosing each category relative to the rest of the categories. The first column shows the log odds of selecting the first category (i.e., category = 1) versus the other categories (i.e., category = 2, 3, 4, 5, 6, 7), and the second column shows the log odds of selecting the first and second categories (i.e., category = 1, 2) versus the other categories (i.e., category = 3, 4, 5, 6, 7). The other columns represent similar comparisons between the categories. The estimates in the first six columns measure the effects of the explanatory variables on homeowners' purchase likelihood of smart irrigation controllers. Only the signs of the estimates are meaningful. The marginal effects are also presented in each table (the last seven columns), which indicate the change in homeowners' possible purchase likelihood with respect to a change in each explanatory variable. The marginal effects provide direct implications of the respondents' knowledge and perceptions on their purchase likelihood of smart irrigation controllers. In the next section, we discuss the marginal effects for the entire sample (H1-H5) and individual states (H6). Notes: Bold font indicates significant coefficients with *, ** and *** denoting statistical significance at the 10%, 5% and 1% level, respectively; a 1 = extremely unlikely; 2 = very unlikely; 3 = moderately unlikely; 4 = neutral; 5 = moderately likely; 6 = very likely; 7 = extremely likely; b standard errors are in parentheses. Notes: Bold font indicates significant coefficients with *, ** and *** denoting statistical significance at the 10%, 5% and 1% level, respectively; a 1 = extremely unlikely; 2 = very unlikely; 3 = moderately unlikely; 4 = neutral; 5 = moderately likely; 6 = very likely; 7 = extremely likely; b standard errors are in parentheses. Notes: Bold font indicates significant coefficients with *, ** and *** denoting statistical significance at the 10%, 5% and 1% level, respectively; a 1 = extremely unlikely; 2 = very unlikely; 3 = moderately unlikely; 4 = neutral; 5 = moderately likely; 6 = very likely; 7 = extremely likely; b standard errors are in parentheses. Notes: Bold font indicates significant coefficients with *, ** and *** denoting statistical significance at the 10%, 5% and 1% level, respectively; a 1 = extremely unlikely; 2 = very unlikely; 3 = moderately unlikely; 4 = neutral; 5 = moderately likely; 6 = very likely; 7 = extremely likely; b standard errors are in parentheses.
Knowledge and Smart Irrigation
Cumulatively, marginal effect estimates support the first hypothesis (H1) that higher knowledge levels are associated with increased purchase likelihood (Table 4) . Respondents' knowledge levels of sprinkler application rates and soil types are positively correlated with purchase likelihood for smart irrigation controllers. Specifically, higher knowledge about sprinkler system irrigation rates reduces the probability of selecting "very unlikely" to purchase smart irrigation controllers by 1.1%, while increasing the probability of selecting "very/extremely likely" to purchase the controllers by 1.1% and 0.4%, respectively. Furthermore, soil type-related knowledge increases smart irrigation controller purchase likelihood, while reducing the probability of respondents' selecting "very unlikely" and "moderately unlikely" by 1.0% and 1.1%, respectively. Higher levels of knowledge for sprinkler systems increases the probability of choosing "very likely" to purchase by 1.5%.
The differences in knowledge and purchase likelihood between the three states (in support of Hypothesis 6) are also evaluated in Tables 5-7 . Marginal effect estimates for California indicate that sprinkler application rate knowledge increases the probability of selecting "extremely likely" to purchase the controllers by 0.4% (Table 5) . Similarly, respondents' knowledge about water needs of turfgrass and plants increases the "moderate" purchase likelihood by 2.8%. Knowledge about soil type also increases the probability of "very likely" purchasing the controllers by 1.5%. Respondents from Florida and Texas exhibit slightly different results, with respondents having an increased probability (1.8% for Florida, 0.5% for Texas) of purchasing smart irrigation controllers if they are knowledgeable about sprinkler application rates (Tables 6 and 7 ). The probability of Florida respondent's selecting "very unlikely" to purchase decrease by 2.2% if they are knowledgeable about soil type. Interestingly, Texas respondents' knowledge about soil type reduces the probability of "extremely likely" to purchase by 1.4% while increasing the probability of "very likely" to purchase by 3.2%. In addition, knowledge about lawns and landscape is associated with the purchase likelihood, but the marginal effects vary across the states (H6). An increased knowledge level tends to increase the purchase likelihood, showing that homeowners utilize their understanding of the unique characteristics of their lawns/landscapes when determining their purchase likelihood of smart irrigation controllers.
Smart irrigation controller knowledge-related results support Hypothesis 2 (Tables 4-7 ). In the full sample, greater SMS and ET controller knowledge is associated with higher purchase likelihood. Greater SMS controller knowledge reduces the probability of "very/moderately unlikely" to purchase smart irrigation controllers by 1.4% and 1.8%, respectively. Additionally, it increases the "moderately likely" to purchase probability by 3.2%. In addition, greater ET controller knowledge reduces the probability of "extremely unlikely" to purchase by 0.9%, whereas it increases the "very likely" purchasing probability by 1.0%.
When comparing the different states, in general, greater knowledge levels about the SMS and ET controllers are associated with higher purchase likelihood, but their relevance varies across the states, supporting Hypothesis 6 (Tables 5-7 ). In California, higher SMS controller knowledge reduces the probability of selecting "extremely unlikely" to purchase smart irrigation controllers by 2.5%, but it increases the "moderately likely" to purchase probability by 5.8% (Table 5) . Conversely, greater knowledge about the ET controller decreases the probability of "moderately likely" to purchase smart irrigation controllers, while increasing the probability of being "very likely" to purchase them. For Florida homeowners, greater knowledge about SMS controllers increases the probability of being "very likely" to purchase by 1.9%, whereas greater knowledge about ET controllers decreases the probability of "extremely unlikely" to purchase by 1.7% (Table 6 ). Similarly, in Texas, more SMS controller knowledge reduces their probability of "very unlikely" to purchase smart irrigation controllers by 2.1%; however, it increases their probability of "moderately/extremely likely" to purchase a smart controller by 3.9% and 0.7%, respectively (Table 7) . Overall, across the states, homeowners' SMS and ET controller knowledge positively influences their likelihood of purchasing smart irrigation controllers. Knowledge about the SMS controller, in particular, is more relevant to their purchase likelihood than the ET controller knowledge.
Perceptions, Smart Irrigation, and Demographics
The results in Table 4 support Hypothesis 3 that higher water-related perceptions increase homeowners' smart irrigation controller purchase likelihood. Overall, homeowners with positive perceptions about water conservation, who are aware of regional water restrictions and believe their neighbors over-irrigate are more likely to purchase smart irrigation controllers. Specifically, homeowners with perceptions that their water conservation efforts affect the total supply lower their probability of "moderately unlikely" to purchase smart irrigation controllers by 1.7% while increasing the probability of selecting "moderately likely" and "extremely likely" to purchase by 2.8% and 0.6%, respectively. Homeowners with greater awareness of their area's water restrictions are 0.4% more probable to select "extremely likely" to purchase smart irrigation controllers. Regarding neighbor effects, homeowners with perceptions that their neighbors over-irrigating have an increased probability of selecting "moderately/very likely" to purchase smart irrigation controllers by 2.0% and 0.8%, respectively. Perceptions that there are insufficient state water resources reduces homeowners' "extremely likely" rating to purchase smart irrigation technology by 0.7%. Overall, these results indicate that homeowners are aware of the need for water conservation and local water-usage restrictions, but they question if there are insufficient water resources within their state.
Since different states have various environmental conditions that contribute to water needs (i.e., drought, temperature, rainfall, etc.), we assessed consumer perceptions by state. Overall, homeowners' perceptions about water availability are positively associated with their purchase likelihood, but variations occur across the states (Tables 5-7) . If California homeowners' reported a higher level of agreement with the statements on water conservation and neighbors over-irrigating, the homeowners had an increased probability of "very likely" purchasing smart irrigation controllers by 2.9% and 1.7%, respectively (Table 5 ). California homeowners' perception about water restrictions raised the probability of "extremely likely" purchasing smart irrigation controllers by 0.6%. However, their perceptions about the state's water resources reduces the probability of selecting "extremely likely" to purchase by 0.5%. In Table 6 , the marginal effects of Florida homeowners' water conservation perceptions also increases the probability of "moderately/extremely likely" purchasing smart irrigation controllers by 3.4% and 1.1%. Their perceptions about neighbors' over-irrigation increases the probability of "moderately likely" to purchase them by 3.0%, but the purchase probability decreases if the homeowner had perceptions about water restrictions in their area (2.7%). Lastly, for Texas homeowners, Table 7 shows that water conservation perceptions had mixed results. Homeowners with water conservation beliefs have an increased probability of being "moderately likely" and "extremely likely" to purchase (3.6% and 1.0%, respectively), but a reduced probability of being "very likely" to purchase smart irrigation controllers (1.7%). In addition, a higher perception that their neighbors over-irrigate increases the extremely likely purchase probability by 1.0%, whereas it decreases the "moderately unlikely/very unlikely" purchasing probabilities by 2.0% and 2.4%, respectively. Statewide water availability results indicate that Texas homeowners with this perception are less likely to purchase smart irrigation controllers.
Respondents' perceptions about smart irrigation controllers relative to conventional irrigation controllers are positively associated with their purchase likelihood, supporting Hypothesis 4. In Table 4 , purchase likelihood increases when homeowners perceive smart irrigation controllers as more advantageous (i.e., better priced, ease of use and reliable) than conventional irrigation controllers. The probability of selecting "moderately likely", "very likely" and "extremely likely" to purchase categories increases by 1.2%, 1.2% and 0.3%, respectively, when homeowners perceived smart irrigation controllers as better priced. Unsurprisingly, the same three categories (moderate, very and extremely likely) to purchase conventional irrigation controllers decrease when homeowners perceive conventional irrigation controllers as better priced. Homeowners who perceive smart irrigation controllers as easy to use have an increased probability of selecting "moderately/extremely" likely to purchase (1.4% and 0.5%, respectively). Perceptions about the reliability of the controllers also are significant predictors of purchase likelihood. While higher perceptions about the reliability of conventional irrigation controllers decreases the probability of "extremely/very unlikely" to purchase smart irrigation controllers by 0.4% and 1.2%, a higher reliability perception for smart irrigation controllers increases the "moderately/very/extremely likely" to purchase by 2.4%, 1.9%, and 0.4%, respectively. As the perceived reliability of smart irrigation controllers becomes greater than that of conventional irrigation controllers, homeowners are more willing to purchase smart irrigation controllers.
Across the states, perceptions about smart irrigation controllers relative to conventional irrigation controllers are also associated positively with purchase likelihood. In Table 5 , California homeowners' better price perceptions about smart irrigation controllers increase the "moderately likely" (2.2%) and "very likely" (1.6%) to purchase probability, while decreasing the "moderately unlikely" (1.3%) and "very unlikely" (2.2%) to purchase probability. The perceptions on ease of use are not significant, but higher perceptions about reliability increase the "extremely/very likely" to purchase probability by 1.5% and 0.3%, respectively. For Florida homeowners, better price perceptions decrease the probability of "extremely/very/moderately unlikely" to purchase smart irrigation controllers by 1.8%, 1.3% and 0.6%, respectively (Table 6 ). Perceptions about ease of use are insignificant for Florida homeowners. Higher reliability perceptions increase the "very likely" (1.7%) to purchase probability, but decrease the "moderately/very unlikely" (1.3% and 1.2%) to purchase probability. For Texas homeowners, perceptions about price, ease of use and reliability are associated with purchase likelihood (Table 7) . Better price perceptions reduce the "moderately unlikely" (1.2%) and "very unlikely" (1.1%) to purchase probability. A higher ease of use perception reduces the "extremely unlikely" purchasing probability (0.9%) while raising the "extremely likely" to purchase probability (0.7%). In addition, higher reliability perceptions decrease the probability of "very unlikely" to purchase smart irrigation controllers (2.1%) and increase the "moderately/very likely" to purchase by 5.7% and 1.9%, respectively.
Finally, socio-demographic variables influence homeowners' likelihood of purchasing smart irrigation controllers, supporting Hypothesis 5. Older homeowners are less likely to purchase smart irrigation controllers (Table 4) . Homeowners with higher incomes, more children or higher education levels are more likely to purchase smart irrigation controllers. Female homeowners are less likely to purchase smart irrigation controllers than male homeowners. The socio-demographic characteristics are also relevant to the purchase likelihood across the states. In particular, younger homeowners or those who have higher incomes, more children or higher education levels were more likely to purchase smart irrigation controllers (Tables 5-7 ).
Conclusions
As water scarcity becomes an increasingly important environmental issue, understanding consumer adoption and interest in water-efficient technologies is essential when determining the best policies, regulations and marketing/promotional strategies to encourage consumers to implement these products. In an effort to contribute to water conservation efforts in urban environments (where areas devoted to heavily maintained landscapes rapidly expand), irrigation equipment manufacturers and service providers offer "smart" irrigation controllers to environmentally-conscious homeowners. In contrast to conventional irrigation equipment, smart controller-based systems reduce water waste using sensors to regulate irrigation based on plant/turfgrass needs. While previous studies investigated human dimensions in water conservation practices, many focus on practices within households by linking individuals' environmental attitudes [25] , characteristics of the dwelling [50] , and home ownership [51] with the probability of the adoption of water-efficient household appliances. With technological advancements in the main household appliances (e.g., washing machine, dishwasher, shower and toilet), the adoption of such equipment is (relatively) not cost-prohibitive, as most modern appliances are manufactured to meet water-saving requirements/standards. However, factors that influence outdoor/landscape irrigation, which can represent the majority of water use (and waste), are still poorly understood. In an attempt to address this shortcoming in the literature, this paper used an online survey of California, Florida and Texas homeowners to determine how their knowledge, perceptions and demographics influence their probability of purchasing smart irrigation controllers.
The first contribution of this paper is centered on identifying the effects of knowledge about smart irrigation and purchase likelihood, and its implications for stakeholders involved in related policy decisions. Results based on responses from 2641 homeowners show that higher levels of knowledge (related to sprinkler application rates, soil type, SMS and ET controllers) positively influence their likelihood of switching to smart irrigation systems (H1, H2). Although differences exist across the states, the impact of sprinkler application rate-related knowledge is consistent, which indicates that consumers who are generally more knowledgeable about irrigation systems are more interested in purchasing smart irrigation technology. Additionally, homeowners' knowledge about SMS controllers consistently increased purchase likelihood. This suggests that SMS-based controllers are slightly preferred to the ET-based controllers. Future studies can evaluate this preference further, specifically focusing on the differences of SMS-and ET-based controllers. In general, results indicate that it is important to educate (and advertise to) homeowners about the characteristics of smart irrigation controllers, which will, in turn, contribute to an increase in their purchase likelihood.
The second contribution to the extant literature is that individuals' perceptions are found to influence purchase likelihood of smart irrigation systems. Homeowners' perceptions about conservation efforts, water restrictions, and their neighbors' irrigation habits increase purchase likelihood (H3). Regardless of state, homeowners' beliefs that water conservation efforts directly influence overall water supply positively influence their purchase likelihood of a smart irrigation system. Additionally, homeowners' purchase likelihood increases if they perceived smart irrigation controllers as better priced, easier to use, or more reliable when compared to conventional irrigation systems (H4). State-level differences indicate that perceptions about the reliability (as opposed to price or ease of use) of smart systems are the most influential. Policy makers and educators can utilize this information to influence consumer behavior and promote installation/use of smart irrigation systems.
Finally, our results demonstrate that several socio-demographic variables influence homeowners' purchase likelihood for smart irrigation controllers (H5). Specifically, younger homeowners, having children (under 18 years old), a higher level of education, being male, or those with higher incomes are more likely to purchase smart irrigation controllers. The larger households and higher income results are consistent with other studies investigating the adoption of water-efficient appliances indicating the robustness of results [19, 25] . Lastly, it is important to note that differences exist across the states with regards to knowledge, perceptions and demographics (supporting H6; Tables 5-7) , likely due to state-specific water availability concerns and climatic differences.
In addition to the contributions of this paper, there are several limitations that are worth mentioning. Although the sample size was considerably large and the survey was conducted in states with large populations (representing one third of the U.S. total population) and water quantity/quality issues, our estimations are based on hypothetical questions (i.e., stated preference data). Further, the target respondents in our survey are only residents living in single-family homes with lawn and automated (but not smart) irrigation systems. Thus, the screening questions excluded households that (at the time of the survey) did not have automated irrigation, but could be potential adapters of smart irrigation systems in the future.
